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DETAILED ACTION 

1. Continued Examination Under 37 CFR 1.114 

A request for continued examination under 37 CFR 1.114, including the fee set forth in 
37 CFR 1.17(e), was filed in this application after final rejection. Since this application is 
eligible for continued examination under 37 CFR 1.1 14, and the fee set forth in 37 CFR 1.17(e) 
has been timely paid, the finality of the previous Office action has been withdrawn pursuant to 
37 CFR 1.114. Applicant's submission filed on 3/31/2011 has been entered. 

2. Response to Amendment 

Claims 3-6, 9-14 and 21 have been cancelled; claims 1 and 16 have been amended; and 
claims 1-2, 7-8, 15-20 and 22-25 are currently pending. 

3. Priority 

Acknowledgment is made of applicant's claim for foreign priority under 35 
U.S.C. 119(a)-(d). 



4. Information Disclosure Statement 

The information disclosure statement (IDS) filed on 4/07/2011 has been acknowledged 
and a signed copy of the PTO-1449 is attached herein. 
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5. Claim Rejections - 35 USC § 103 

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

6. Claims 1-2, 7 and 15 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Doczy et al. (US 2004/0121541 Al, hereinafter "Doczy") in view of Elers et al. (US 
2003/0082296 Al, hereinafter "Elers") and Buchanan et al. (USPN 5789312. hereinafter 
"Buchanan"). 

In regards to claim 1, Doczy discloses (Fig. 8, annotated and attached below) a semiconductor 
device comprising: a semiconductor substrate (10); a gate insulator (30) formed on the substrate 
(10); and a gate electrode (20) having a metallic compound film (WCN, Par[0024]) , the gate 
electrode (20) being formed on the insulator (30). 

Doczy fails to explicitly teach the metallic film in the gate electrode is formed by CVD using a 
material containing a metal carbonyl, a C-containing material, and at least one of a Si-containing 
material and a N-containing material; the metallic compound film contains the metal (W) in the 
metal carbonyl, the C, and at least one of Si and the N; the work function of the metallic 
compound film can be controlled by changing the content of at least one of the Si and the N in 
the metallic compound. 
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Elers while disclosing a method for growing metal thin films (abstract) teaches a metallic 
compound film (WN x C y , Par [0208]) film formed by CVD (ALD, Par [0208]) using material 
containing a metal halide (WF6, Par [02101), a C-containing material (TEB, Par [02101), and at 
least one of a Si-containing material and a N-containing material (NHj, Par [02101). 

Therefore, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify Doczy by Elers because as taught by Elers in par [00691, the ALD 
process would allow deposition of conformal metal thin films on an atomically thin level. 

Doczy as modified by Elers fails to explicitly teach metal carbonyl. 

Buchanan while disclosing a method of fabricating a mid-gap work-function tungsten gate 
(abstract) teaches metal carbonyl. (W(CO)^coL 2 lines 59-62). 

Therefore, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use tungsten carbonyl instead of tungsten halide because as taught by 
Buchanan in col. 2 lines 25-39, having tungsten carbonyl instead of tungsten halide (WF6) would 
make it possible for tungsten to be directly deposited onto ultra-thin gate dielectric materials. 
Also, the formation of tungsten gate using WF6 would make the silicon react away and form 
SiF4 even for thicker gate dielectric materials. Moreover, it has been determined that exposure of 
even quite thick oxide films to WF6 causes, without any exceptions, complete device failure 
owning to massive gate dielectric leakage currents. 
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Hence, Doczy as modified by Elers and Buchanan teaches the metallic compound film 

(WCN) contains the metal in the metal carbonyl (W) , the C (C ), and the at least one of the Si 
and the N (N ). 

However, Doczy as modified by Elers abd Buchanan further fails to explicitly teach the work 
function of the metallic compound film can be controlled by changing the content of at least one 
of the Si and the N in the metallic compound. 

It is well known in the art of manufacturing semiconductor devices to increase and decrease the 
concentration/content of the nitrogen for the purpose of controlling and/or optimizing the work 
function of metallic compound films — the work function increases with the content of nitrogen 
in the metallic compound film. 

Therefore, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to control the work function of the metallic compound film by changing the 
content of nitrogen because it is well known in the art of manufacturing semiconductor devices 
to increase and decrease the concentration/content of the nitrogen for the purpose of controlling 
and/or optimizing the work function of metallic compound films — the work function increases 
with the content of nitrogen in the metallic compound film. 

In regards to claim 2, Doczy discloses the metal is selected from the group consisting of W, Ni, 
Co, Ru, Mo, Re, Ta, and Ti (Pars [0024]). 
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In regards to claim 7, Doczy discloses the metallic compound film is doped with an n-type 
impurity or a p-type impurity (see claim 19). 

In regards to claim 15, Doczy discloses the metallic compound film (WCN., Par [0024]) used 
for a gate electrode of PMOS or NMOS of a MOS device (PMOS, Par [0024]) 

7. Claim 8 is rejected under 35 U.S.C. 103(a) as being unpatentable over Doczy in view of 
Elers and Buchanana as applied to claim 1 above, and further in view of Komatsu (JP 10303412 
, hereinafter "Komatsu"). 

In regards to claim 8, Doczy as modified above discloses all limitations of claim 1 but fails to 
explicitly teach the gate electrode further comprises a silicon film formed on the metallic 
compound film. 

Komatsu discloses (Fig. 3) the gate electrode (11) further comprises a silicon film (14) formed 
on the metallic compound film (13). 

Therefore, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to further modify Doczy by Komatsu because as taught by Komatsu in Par 
[0023], having a poly- silicon film on the metallic compound would help reduce the internal 
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stress generated by the metallic compound film while keeping the gate electrode thick enough to 
block ion implantation into the channel. 

8. Claims 16-20, 22 and 25 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Doczy in view of Elers, Buchanan and Matsuo et al. (US 2003/0143825 Al, hereinafter 
"Matsuo"). 

In regards to claim 16, Doczy discloses (Fig. 8, annotated and attached below) a method for 
manufacturing a semiconductor device including a gate electrode (20) having a metallic 
compound film (WCN, Par [0024]). 

Doczy fails to explicitly teach the method comprising: 

preparing a material containing a metal carbonyl, a C-containing material and at least one of a 
Si- containing material and a N-containing material; and 

forming, by CVD using the prepared materials, the metallic compound film so that the film 
contains the metal in the metal carbonyl, the C, and at least one of Si and N; wherein by 
controlling film deposition conditions, the content of the at least one of the Si and the N in the 
metallic compound film is adjusted such that the work function of the metallic compound film is 
in the mid-gap of Si. 
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Elers preparing a material containing a metal halide (WF6, Par [0208]) , a C-containing material 
(TEB, Par [0208]) and at least one of a Si- containing material and a N-containing material 
(NH3, Par [0210]); and 

forming, by CVD (ALCVD, Par [0210]) using the prepared materials, the metallic compound 
(WN x C y , Par [0208]) film so that the film contains the metal (W) in the metal halide (Par 
[0008] and Par [0208]) , the C (Par [0011] and Par [0210]), and at least one of Si and N (par 
[0011] and Par [0210]). 

Therefore, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to modify Doczy by Elers because as taught by Elers in par r00691, the ALP 
process would allow deposition of conformal metal thin films on an atomically thin level. 

Doczy as modified by Elers fails to explicitly teach metal carbonyl. 

Buchanan while disclosing a method of fabricating a mid-gap work-function tungsten gate 
(abstract) teaches metal carbonyl. (W(CO)^col. 2 lines 59-62). 

Therefore, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use tungsten carbonyl instead of tungsten halide because as taught by 
Buchanan in col. 2 lines 25-39, having tungsten carbonyl instead of tungsten halide (WF6) would 
make it possible for tungsten to be directly deposited onto ultra-thin gate dielectric materials. 
Also, the formation of tungsten gate using WF6 would make the silicon react away and form 
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SiF4 even for thicker gate dielectric materials. Moreover, it has been determined that exposure of 
even quite thick oxide films to WF6 causes, without any exceptions, complete device failure 
owning to massive gate dielectric leakage currents. 

However, Doczy modified by Elers and Buchanan further fails to teach controlling film 
deposition conditions, the content of the at least one of the Si and the N in the metallic 
compound film is adjusted such that the work function of the metallic compound film is in the 
mid-gap of Si. 

Matsuo while disclosing a semiconductor device (abstract) teaches (Fig. 2) by controlling film 
deposition conditions, the content of the at least one of the Si and the N in the metallic 
compound film is adjusted such that the work function of the metallic compound film is in the 
mid-gap of Si (see also Par [0041]). 

Therefore, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to further modify Doczy by the method and/or concept of Matsuo because as 
taught by Matsuo in Par [0043], it would be possible to make the threshold voltage of each of the 
n-type MISFET and P-type MISFET appropriate by optimizing the work function of the gate 
electrode included in each of the n-type MISFET and p-type MISFET. 

In regards to claim 17, Doczy as modified by Elers, Buchana and Matsuo discloses the metal (W, 
col. 4 line 6, Buchanan) constituting the metal carbonyl (W(CO) 6 , col. 4 line8, Buchanan) is 
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selected from the group consisting of W, Ni, Co, Ru, Mo, Re, Ta, and Ti (col. 4 lines 5-12, 
Buchanan). 

In regards to claiml8, Doczy as modified by Elers, Buchana and Matsuo discloses the metal 
carbonyl is W(CO)6 ( col. 4 lines 5-12, Buchanan) . 

In regards to claim 19, Doczy as modified by Elers, Buchanan and Matsuo discloses all 
limitations of claim 16 but fails to explicitly teach the Si-containing material is selected from the 
group consisting of silane, disilane, and dichlorosilane. 

It is well known in the art to use silane, disilane or dichlorosilane as a source material for the 
purpose of introducing a silicon into the metallic compound during the formation of gate 
electrode. 

It would have been obvious to one having ordinary skill in the art at the time the invention was 
made to incorporate silane, disilane or dichlorosilane because it is well known in the art to use 
silane, disilane or dichlorosilane as a source material for the purpose of introducing a silicon into 
the metallic compound during the formation of gate electrode. 

In regards to claim 20, Doczy as modified by Elers, Buchanan and Matsuo discloses the N- 
containing material is selected from the group consisting of ammonia and monomethyl hydrazine 
(Par [0210], Elers). 
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In regards to claim 22, Doczy discloses (fig. 8, annotated and attached below) the metallic 
compound film is doped with an n-type impurity or a p-type impurity (see claim 19). 

In regards to claim 25, Doczy discloses (fug. 8, annotated and attached below) the metallic 
compound film (WCN, par [0024]) is used for a gate electrode of pMOS or nMOS of a MOS 
device (P-type, Par [0024]). 

9. Claims 23-24 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over Doczy in 
view of Elers, Buchanan and Matsuo as applied to claim 16 above, and further in view of 
Komatsu. 

In regards to claim 23, Doczy as modified by Elers, Buchanan and Matsuo discloses all 
limitations of claim 16 above but fails to explicitly teach forming a silicon film on the metallic 
compound film. 

Komatsu discloses forming a silicon film (14) on the metallic compound film (13). 

Therefore, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to incorporate a silicon film on the metallic compound film because as 
taught by Komatsu in the abstract and Pars [0014]-[0016], this would help alleviate the 
superfluous tensile stress to gate oxide by thinning the metallic compound film while the entire 
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gate electrode being thick enough by forming polysilicon on the metallic compound film. As a 
result of this, the reliability of the whole integrated circuit would be improved. 

In regards to claim 24, Doczy as modified by Elers, Buchanan and Matsuo discloses all 
limitations of claim 21 above but fails to explicitly teach the C- containing material is selected 
from the group consisting of ethylene, allyl alcohol, formic acid, and tetrahydrofuran. 

However, it is known in the art of manufacturing semiconductor devices ethylene is used as 
carbon-containing source gas for the purpose of incorporating C into a metal compound film. 

Therefore, it would have been obvious to one having ordinary skill in the art at the time the 
invention was made to use ethylene as a carbon-containing source gas for the incorporation of C 
into metal compound film because it is known in the art of manufacturing semiconductor devices 
ethylene is used as carbon-containing source gas for the purpose of incorporating C into a metal 
compound film. 

10. Response to Arguments 

Applicant's arguments with respect to claims 1 and 16 have been considered but are moot 
in view of the new ground(s) of rejection. 



11. 



Correspondence 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to ERMIAS WOLDEGEORGIS whose telephone number is 
(571)270-5350. The examiner can normally be reached on Monday through Friday 8:30 AM to 
6:00 PM E.S.T.. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Tom Thomas can be reached on 571-272-1664. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 



/ERMIAS WOLDEGEORGIS/ 
Examiner, Art Unit 2893 



